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|. EXECUTIVE SUMMARY

Hazardmitigation planning is @rocess thatentifiesactions to reducthe dangerto

life and property from natural hazard event$is plan isa framework for the City of

Bostonds wide r ange .ohispldnaneesheduideinesfartpeat i on e f f
hazard mitigation planningrogramadministered by the Federal Emergency

Management Agency (FEMA) in partnership with the Massachusetts Emergency

Management Agency (MEMA) and the Department of Conservation and Recreation

(DCR).

While cities are not required by FEMA to adopt hazard mitigation plaagederal

Disaster Mitigaibn Act of 2000 requires all municipalities that wish to be eligible to

receive FEMA hazard mitigation grants to adopt a local rmalgard mitigation plarand

to update te planeveryfive yyas.Bost onés first hazard mitigat:i
FEMA in March2008, and thi2014 Plan Update provides the first fiyear updateAn

approved Hazard Mitigation Pl an makes the Ci
Grant Program, Flood Assistance Mitigation grants, aneDigaster Mitigation Grants.

Planning Process

Planning for thdBostonHazard Mitigation Pla2014 Updatewas led by th&oston
Hazard Mitigation Executiv&teeringCommittee, comprised of representatives of key
City departments and commissions with responsibility for various aspects of hazard
mitigation. The ExecutiveSteeringCommitteewas the main vehicle for coordinating
input on all hazards to be addressed in this plan. The commnetiegedthetypes of
impads and the areas whamnatural hazards most affect t@ay, based on both historic
trends and expected future impacts of climate champe.committee coordinated
internal consultations between seveldly agencies, andrganizeda series of five
workslopsthatwere facilitated by the Social and Environmental Research Institute
(SERI).The committee also established @ieyd goals for addressing thesatural
hazardmpacts, andleveloped a list of proposédizard mitigation measures.

Public particimtion in this planning process is important for improving awareness of the
potential impacts of natural hazayfsilding support for themitigationactions theCity

plans tatake and identifying additional potentighpacts and actionsThe Cityé public
paricipation process includdsvo public meetingfiosed by theBostonConservation
Commissio, the first onApril 18, 2012 before the plampdatewas draftedand the

second orseptember 18, 2018 provide an opportunity for comments on thaftiplan
update. In addition, the drgitanupdate was posted on th@i t website for public

review prior to the second public meetimyrectoutreach waalsoconducted with key
institutions and state agenciésy comments received were reviewed amwbrporated

by the local hazard mitigation team. Revisions to the draft plan included the addition of
recommendations for mullanguage public education, updating several city projects, and
revising the priorities for mitigation for invasive insectegss, and green infrastructure.



CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Risk Assessment

This 2014 Plan Updatessesses the potential impacts toGitg from multiple natural

hazards, includinfooding, high winds, winter stormextreme heatrush fire, and

geologic hazardsOf thesehazards,lbodingpresents thenost historically widespread

hazard to th€ity, but coastal storm damage amdord breakingxtreme heigevents are

of increasing concern given the recent and projected trends in chanigeslitmate.

The Executive Stegrg Committee, with members from all of the City's relevant
departments and commissions, was the main vehicle for gathering local data on past and
current trends for all natural hazards for the risk assesswiile historic trends in

natural hazards afally incorporated into this plan update, tGéy has taken steps to

also take into consideration the potential future impacts of climate change. While not
(yet) required byederalplan guidelines, giventh@i t yds commissimgent t o
climate chage through & BostonClimate Action Plar{2011), theHazard Mitigation
ExecutiveSteeringCommittee established a strong priority for incorporating cémat

change considerations into thiszard Mitigation Pla2014Update. Theneed for this
approachs also reinforced at the state level by the recent adoption didlssachusetts
Climate Adaptation Repo(R011). In assessing climate change issues for this plan

update, the&City drew upon the latest available scientific research, and madg
relevantreports available on its web s{tgee Section VIIl)

In order to assist Boston in the task of bringing climate change issues into its hazard
mitigation plan update, theéity and MAPC partnered with the Social and Environmental
Research InstitutéSERI) The City of Boston Office of Emergency Management
organized a series ébur collaborativestakeholder planning sessiams infrastructure,
regulations, buildings and facilities, and public safety. The sessions usegue
methodology known agulnerability-Consequence Adaptation Planning Scenarios
(VCAPS). Many of the insights gleaned from this process informed the plan update, and
the details of these sessions are summarizéteidocument

One of the key tools th@ity used to assess vulnerahilit was FEMA-BId HAZUS
program. The Mayots Office of Emegency Management (OEM) asked MEMA for the
Northeast States Emergency Consortium (NESEC) to conduct a HANAUBevel 1l

analysis of the&City of Boston. The City collaborated with NESE@ implement

HAZUS-MH with more locally specific data. The analyses provide a quantified estimate

of the damages that would result from key natural hazard events@ityhalthough

these analyses did not take climate projections into account.

The City of Boston ivited the academic, scientific, and technical community to
contribute ongoing research studies to the natural hazard mitigation planning process.
The City took advantage of academic and research studies, suchfla®thieydrology
studies of Dr. ElleMarie Douglasat UMASS Bostonandearthquake studies by Dr.
Laurie Base Tufts UniversityandDr. JamesKaklamanosMerrimack College In

addition theCity has partnered with the US Army Corps of Engineers, which is
conductirg a Hurricane Evacuation Stuthat will delineate areas impacted by several
hurricane scenarios.

adc
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Hazard Mitigation Goals

The BostorHazard Mitigation Executive Committee established the following Hazard
Mitigation Goals for th&014Plan Update:

Goal 1 Protect the health and safetyof the public.

Encourage people to be prepared before, during and after a hazard event.
Ensure that services related to public health can function during and after a
hazard, e.g., sanitation, water, debris removal, hospitals and emergency services.
Ensure that evacuation can happen in an organized and efficient manner.
Minimize secondary impacts from hazards, such as the release of polletgnts.

by covering salt piles.

Promote pblic communications

Establish a multcultural and multlanguage pblic awareness program

O G

O G

Goal 2: Protect existing properties and structures.

G Provide resources for residents and businesses to make their buildings and

_ properties more disaster resistant.

Q Educate the public on measures they can take to protecptbperty.

G Maintain existing mitigation structures.

G Ensure that future development / redevelopment does not make existing properties
_ more vulnerable to hazards.

(§ Ensure that critical facilities are protected from hazards.

G Protect natural areas to ensure thaly buffer impacts to built areas during a

_ hatural disaster.

G Preserve and restore the functions of natural resource systems.

Goal 3: Ensure that essential services can function during and after a hazard event.
Q Ensure that critical infrastructure isopected from natural hazards.
G

Ensure that people (key service providers and employees) can get iGityttee
provide services.

G Ensurethatinterdepartmental communication is seamless.
G Maintain the Emergend@perations?lan EOP) andsupporting annexes

Goal 4: Work regionally to mitigate impacts from natural hazards and to respond
and recover from hazard events.

(:3 Continue to participate in regional efforts.

Q Cooperate with other agencies, communities, and private entities.

G Understand priorities anthpabilities of other entities to allow for resource
sharing, mutual aid, and entering into memoranda of understanding (MOU).
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Goal 5: Determine priorities for directing resources for hazard mitigation and
response.

Prioritize mitigation projects.

Continue to program mitigation projedts the Capital Investment Plan

Pursue various funding sources.

Encourage private properowners to implement measures to protect their own
property.

O @G

Goal 6: Maintain Hazard Awareness.

Track and compile hazard relateata.

Understand the potential implicationsatifnate changeon the frequency and
extent of natural hazard events and incorporate that knowledgeazaod
mitigation efforts.

~

G Maintain publidy available information on natural hazard risks in @igy.

~

G Integratehazardmitigationinto other City initiatives and plans.

O ®

Hazard Mitigation Strategy

TheBoston Hazard Mitigation Executive Steeri@gmmittee identified a number of

mitigation measures that would servetoreduc€ihgd s v ul nerabi |l ity to n:
events. Many ofthese are related tmproving andmaintaining the integrity of the

drainage system through addressing maintenance and reconstructionnskeeging

withtheCitydbs pri ori ti es f, dhereisdlsbasirangemphassmar ednes s
coastal damagemndextreme heatEfforts to increase public awareness are also an

important component of the plan update.

The hazard mitigation strategy recognizes that our understanding of natural hazards and
the seps that can be taken to mitigate their damagikéshange ovetime. Global

climate changandthe accompanying changes to sea lematrage temperaturesnd

extreme eventwill increasetheCityd s v u | ninethe &uturie and locyl officials will

work together across municipal lines and with state and federal agensiistions, and

the business communiiy order to understand and address theskeciges.

To support this workn October 2013he City of Bostonreleasedlimate Ready Boston:
Municipal Vulnerability to Climate Chamgthe report of the Mayor's Climate

Preparedness Task Force examining the preparedness of municipal facilities, operations,
services, and policies for the effects of climate change. Individual departments identified
vulnerabilities, established prioritiesydaplanned next step3.he appendices to this
report contain prioritized actions targeted
Administration and Finance, Boston Centers for Youth & Families, Boston Housing
Authority, Boston Public HealtGommission Department of Innovation and

Technology, Property Management, Public Works Department, Boston Police
Department, Boston Public Schools, Boston Redevelopment Authority, Boston
Transportation Department, Housing and Neighborhood Development, Environment
DepartmentOffice of Food Initiatives, Inspectional Services Department, Office of


http://www.cityofboston.gov/images_documents/Final%20Report%2029Oct13_web_tcm3-41271.pdf
http://www.cityofboston.gov/images_documents/Final%20Report%2029Oct13_web_tcm3-41271.pdf
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Emergency Management, and the Parks & Recreation Departifteateportwvith
appendicess attached to this Hazard Mitigation Plan Update as Attachhhent

Plan Review and Update Rocess
The major components of the plan review and update process are summarized in Table

Boston has made progress on implementing mitigation measures identitee2068
Hazard Mitigation Plan. While some of the measures identified in thaapacomplete,
othersstill require the identification of fundg sourcego supporconstruction,
equipmentand additional manpower. Moving forward into the next five year
implementation perigdhere will beadditionalopportunities to incorporate hazard
mitigation into theCityd s deci si on making processes.

Table 1 Plan Review and Update

Chapter Reviews and Updates

Il ¢ Public TheBoston Hazard Mitigation Executive Steering Commitleeed an
Participation emphasis on public participation for the update of the Hazard Mitigatio
Plan, discussing strategies to enhance participation opportunitids ftst
meetingand identifying key stakeholder®uring plan development, the
plan was discussed ato public meetings hosted by théonservation
Commission Thedraft planupdatewas also available on th@ityQ a
website for public comment.

IV ¢ Risk MAPC gathered the most recently available hazard data and meGitigh
Assessment | staff to identify changes in local hazardCity department heads arstaff
reviewed critical infrastructure in order to create an-tqpdate list. The
Cityused the most recently available version of HAZUSmaptemented it
with enhanced locadlata with the help of NESEC. The impacts of climat
change and potential mitigation were explored in a series of stakeholds
workshops organized by the Social and Environmental Research Instit

V- Goals The Hazard Mitigation Goals were reviewatt endorsedby the Boston
Hazard Mitigation Executive Steering Committee

VI¢ Hazard The list of existing mitigation measures was updated to refleeir
Mitigation currentstatus as well as to add newitigation activities in theCitysince

Strategy adoption ofthe previous planRecommended itigation measures from
the 2008 plan were reviewed and assessed as to whether they were
completed, orgoing, or deferred. The Boston Hazard Mitigation Execu
Steering Committee determined whether to carry forward measures,
modify them, or delete thenfior the 2014 plan update. The014 Hazard
Mitigation Plan updatalso addsiew mitigationmeasures. The
Committee reprioritized all of these measures based on current
conditions.

VIi¢ Plan This section of the plaimcludes grocess foon-going plan
Adoptionand implementation that will assist th€ityin incorporating hazard mitigation
Maintenance into other municipalplanning budgetingand regulatoryprograms. It also
includes dive year update procedbat will better prepare theCityto
update the plaragainin 2018.
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1. INTRODUCTION

What is a Hazard Mitigation Plan?

Natural hazard mitigation planning is the process of determining how to systematically
reduce or eliminate the loss of life and property damage resulting from natural hazards
such as floods, earthquakes, and hurricanes. Hazard mitigation means to reduce o
alleviate the losses of life, injuries, and property resulting from natural hazards through
long-term strategies. These lotgrm strategies include planning, policy changes,
programs, projects, and other activities.

Planning Requirements under theFederal Disaster Mitigation Act

The Federal Disaster Mitigation Act, passed in 2000, requires that after November 1
2004, all municipalities that wish to continue to be eligible to receive FEMA funding for
hazard mitigation grants, must adopt a local ivhdizard mitigation plaand update this
plan in five year intervalsThis planning requirement does not affect disaster assistance
funding.

Federal hazard mitigation planning and grant programs are administered by the Federal
Emergency Management Agen@EMA) in collaboration with the states. These
programs are administeredMassachusetisy the Massachusetts Emergency
Management Agency (MEMA) in partnership with the Department of Conservation and
Recreation (DCR). Massachusétts taken a regionapproactto hazard mitigation
planningand hasengagedhe regional planning agenciespimvide technical assistance

to help cities and towns prepare their plamsder this programhe City of Boston

prepared this plan with the technical assistanchealfietropolitan Area Planning

Council (MAPC) MAPC is also providing assistancesevenotherinner Core
communities taupdatetheir local HaizardMitigation Plans, which were first adopteid
2008as part of aMetro-BostonMulti Hazard Mitigation PlanTheselocal Hazard
Mitigation Plan updateare designed tmeet the requirements the Disaster Mitigation

Act for each community.

Federal/State DisasteiDeclarations
The City of Bostonhasexperience@1 natural hazaréhcidens that triggered federal or

state disaster declarations since 1991. These are listed inZltadteyv. The majority of
these events involved flooding.
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Table 2 Previous Federal/State Disaster Declarations

DISASTER NAME
(DATE OF EVENT

TYPE OFEDERAL
ASSISTANGIROVIDED

DECLARED ARBNSVIA

Hurricane Bob
(August 1991)

FEMA Public Assistance
Project Grants
Hazard Mitigation Grant Prograi

Counties of Barnstable, Bristol, Duked
Essex, Hampden, Middlesex, Plymout
Nantucket, Norfolk, Suffolk

No-Name Storm
(October 1991)

FEMA Public Assistance
Project Grants
FEMA Individual Household
Program
Hazard Mitigation Grant Progral

Counties of Barnstable, Bristol, Duked
Essex, Middlesex, Plymouth, Nantuck]
Norfolk, Suffolk

March Blizzard FEMA Public Assistance Proje( Statewide
(March 1993) Grants
January Blizzard FEMA Public Assistance Proje( Statewide

(January 1996)

Grants

October Flood
(October 1996)

FEMA Public Assistance
Project Grants
FEMA Individual Household
Program
Hazard Mitigation Grant Progral

Counties of Essex, Middlesex, NorfolK
Plymouth, Suffolk

June Flood
(June 1998)

FEMA Individual Household
Program

Hazard Mitigation Grant Prograi

Community Development Bloch

GrantHUD

Counties of Bristol, Essejddlesex,
Norfolk, Suffolk, Plymouth, Worcester

South Boston Fire
(Oct 29, 2000)

Small Business Administration

City of Boston

March Flood
(March 2001)

FEMA Individual Household
Program
Hazard Mitigation Grant Prograi

Counties of BristoEssex, Middlesex,
Norfolk, Suffolk, Plymouth, Worcester

Roxbury Fire
(Jun 9, 2002)

Small Business Administration

City of Boston

February Snowstorm| FEMA Public Assistance Proje( Statewide
(Feb 1718, 2003) Grants
January Blizzard FEMA Public Assistance | Statewide
(January 2223, 2005) Project Grants
Hurricane Katrina FEMA Public Assistance | Statewide
(August 29, 2005) Project Grants
May Rainstorm/Flood| Hazard Mitigation Grarfefrogram| Statewide
(May 1223, 2006)
P LINAE b 2N zard Mitigation Grant Program| Statewide

(April 1527, 2007)
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DISASTER NAME TYPE OFEDERAL

(DATE OF EVENT|  ASSISTANCGIROVIDED DECLARED ARERIVA

Hyde Park Fire Small Business Administration| City of Boston
(Jan 5, 2008)

Fenway Business Small Busines&dministration | City of Boston

District Fire
(January 6, 2009)
Flooding FEMA Public Assistance Bristol, Essex, Middlesex, Suffolk,
(March, 2010) FEMAIndividuals and Norfolk, Plymouth, Worcester
Households Program
SBA Loan
Hazard Mitigation Grant Prograr Statewide

Tropical Stornrene FEMA Public Assistance Statewide
(August 2728, 2011)
Hurricane Sandy FEMA Public Assistance Barnstable, Bristol, Dukes, Nantucket
(October 2730, 2012) Plymouth, and Suffolk

Source: database provided by MEMAdthe City of Boston

FEMA and HUD Funded Mitigation Projects

Over the lasR0 years theCity of Bostonhas received funding from FEMand HUDfor
hazard mitigation projects in the Muddy Riv&hese funds wergom the Community
Development Block Grant (CDBG) program and treezard Mitigaion Grant Pogram
(HMGP). This projecttotaled$6,101,830with $4,342,715overed byfederalgrants and
$1,239,54 My City funding. Project fundingis summarized in Table.3

Table 3 FEMA and HUD-Funded Mitigation Projects

Project Title Federal City
(FundingSource) Scope of Work Total Cost | Funding Funding
Muddy River Design and construction
Improvements of improvements to the
2 projects Muddy River in Boston
(Community and Brookline. Reduce $3.103,643 | $2,583,643| $490,000
Development future flooding along
Block Grant) Muddy River.

Charlesgate Debris, accumulated
Channel sediment and other flow
Improvements restrictions will be $2,998,187 | $1,759,071| $749,547

(HazardMitigation | removed from a length
Grant Program) of the Muddy River.
Saurce: Massachusetts Emergency Management Agency (MEMA)
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Community Profile

Boston was incorporated as a town in 1630 and then a city in 1822. Since its
incorporation as a city, Bostdrasannexed six neighboring cities and towns to reach its
currentsize of 49.55 square miles. T@ay is located in Suffolk County. THeity has

a mayorcouncil form of government. THeityd s w e b sviww.cgyofbostonaydy

With a populationn 20100f 617,594 Bodonis the largest cityot only in
Massachusetts, birt all six New Englandstates, and the 21argest city in the United
States.

Boston is an economic focal point for Massachusetts as well as the greater New England

Region, serving as a center for financial institutions, higher education and medical health
servicesA total of 561,126 peopleare employed in th€ity. The Boston ecmomy
constitutes 24% of the stateoslThegbkmanciad my and 1
District is home to many nationally significant firms, the Longwood Medical Area has a

regionally significant concentration of healthcare industry firms, South Bastmme to

the newly established Innovation District with a growiogterof new high tech

companies, and the colleges and universities all oveCitigare significant sources of

jobs as well as important bases for the regional econofg importane of theCityd s

medical and educational facilities is substantial with twenty inpatient hospitals and

twentyf i ve public health clinics providing over
thirty-two universities, colleges, graduate schools and commemligges hava
combined enroll ment of approximately 140, 000

college students.

As the seat of state government, critical state federafacilities are located in Boston.

A number of Federal agencies also haffeces in theCity. These include: FEMA

Region 1, Environmental Protection Agency Region 1, the U.S. Coast Guard, the Federal
Bureauof Investigation, the Depbf Housing and Urban Development, and many others.

In addition to the people who live anak in theCity, Boston attracts an average of 12
million tourists annually from around the cognand around the world. Major
attractiongncludethe Museum of Science, Museum of Fine Arts, Quincy Marketplace,
Boston Convention and Exhibition Center, Hynes Auditorium, TD Boston Garden,
numerous theaters, Fenway Park, and the Harbor Islands.

Boston is one of the oldest cities in the country and neaewts of historical significance
occurred here and are markegbuildings and other features of natiosiginificance
These include large and wddhown sites and structures such as ti$S @onstitution,
famousburying grounds, the Paul Revere House, the Old State Hm®)d North
Church But there are manyngaller, lesseknown, but historically important sites
scattered around th@&ity.

The City isan atlarge member on the Executive BoarcadiEMA funded effortlirected
by the Coordinated Statewide Emergency Prepared{@@SSTER to develop hazard
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mitigation strategies for cultural sites, museums, and libraries statewide with considerable
potential benefit for the many such institutions in Boston.

Bostonalss er ves as the center of the regionods tr
commuter rail lines, buservice, ports and Logan International Airport. Logan

International is the largest transportation center in New England. It handled over 28

million passengers and 600,000 flights in 2011, accordiDMA8SPORT Major ports

operated byMASSPORTIn Bostoninclude the Port of Boston, Conley Terminal,

Cruiseport and the Boston Autoport. Two interstaté¥(and 193) converge in Boston.

A number of state routes also pass through Boston, including Routes 1, 2, 3, 9, 20, 28,

and 30.The MBTA, MassDOT, Mas Highway District 6, DCR, MWRA, and

MASSPORTAuthority participated in the process.

Bostord distinct neighborhoodsavestrong identities. For the purpose of this plan we
refer to city neighborhoods as defined by the Boston Redevelopment Authoray:(BR
Allston, Back Bay, Beacon Hill/West End, Brighton, Charlestown, Chinatown/Leather
District, Dorchester, Downtown, East Boston, Fenway/Kenmore, Hyde Park, Jamaica
Plain, Mattapan, Mission Hill, North End, Roslindale, Roxbury, South Boston, South
End/Be Village, and West Roxbury.

Boston borders 14 communities: Quincy, Milton, Canton, Dedham, Needeamon,
Brookline, Watertown, Cambridge, Somerville, Everett, Chelsea, Revere, and Winthrop.

Population and Housing Characteristics

In 2010,theCityp s popul ati on was 617,594 and the num
(see Tabls4A and 4Bbelow). Ten percent of the population is over 65 years, and 22

percent have a disability.

Table 4A - Boston Characteristics, 2010

Population = 617,594
T 5.2%are under age 5
10.1% are over age 65
Mc ®y:"s aLISI | 9y3IfAAK f Sa:
35.9% of households have no vehicle
21.9% have a disability (over age 5)
7.5% live in group quarters

=A =4 =4 -4 4

Number of Housing Units = 272,481
1 66.1% areenter-occupied housing units
1 57.2% of housing units were built before 1940

Source: U.S. Census, 2010., 2.0 American Community Survey

11



CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Table 4B - Boston Characteristics by Neighborhood (2010)
Neighborhood Population Pop. Pop. over| Pop. living in| Number of Renter
under age 65 group housing occupied
age 5 guarters units units
Allston/Brighton 29,196 2.2% 3.6% 19.1% 11,095 87.1%
Back Bay 18,088 3.1% 11.3% 8.6% 12,266 67.0%
Bay Village 1,312 2.1% 21.3% 2.3%
Beacon Hill 9,023 3.2% 10.4% 0.1% 6,013 66.3%
Charlestown 16,439 6.7% 10.2% 0.8% 8,648 53.7%
Chinatown 4,444 2,114
Dorchester 114,235 6.9% 9.5% 1.1% 45,133 65.6%
Downtown 11,215 2.1% 11.8% 40.5% 5,390 62.0%
East Boston 40,508 7.6% 8.8% 0.6% 15,854 72.5%
Fenway 33,796 0.9% 4.6% 41.3% 12,836 90.9%
Hyde Park 30,637 5.8% 12.9% 1.0% 11,816 42.0%
Jamaica Plain 37,468 6.0% 10.6% 3.3% 16,797 55.6%
Mattapan 22,600 6.3% 11.9% 1.7% 9,150 60.2%
Mission Hill 16,305 3.2% 9.1% 9.4% 6,628 88.6%
North End 10,131 2.0% 12.8% 1.7% 6,728 75.1%
Roslindale 28,680 6.7% 12.1% 1.4% 11,927 50.0%
Roxbury 48,454 7.0% 9.1% 6.1% 20,005 80.4%
South Boston 33,311 4.4% 9.7% 5.9% 16,409 59.8%
S Boston 1,889 2.4% 3.2% 11.2% 1,214 62.3%
Waterfront
South End 24,577 4.9% 10.6% 3.9% 13,648 60.8%
West End 4,080 4.3% 16.6% 2.8% 2,896 76.2%
West Roxbury 30,446 7.0% 18.0% 2.2% 13,547 36.4%

Source: U.S. Census, 2010, prepared by BRA

Land Use and Development Trends

Existing Land Use

The most recent land use statistics available from the state are from aerial photography
done in 2005. Tablg shows the acreage and percentage of land in 10 categories. If the
three residential categories are aggregated, residential uses make up &t ésea

of theCity (3,192.78 acres).

Table 5 - Boston2005 Land Use

Land Use Type Acres Percent
High Density Residentiét4 DU/acre) 1,1786.9 37.3%
Medium Density Residentig2 ¢ 4 DU/acre) 565.33 1.79%
Low Density Residentiét2 DU/acre) 41.45 .13%
Non-Residential, Developed 6,350.3 20.09%
Commercial 3,302.61 10.45%
Industrial 1,311.02 4.15%
Transportation 3,419.21 10.82%
Agriculture 63 2%
Undeveloped 3,157.25 9.99%
Undeveloped Wetland 1,604.48 5.08%
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| Total 31,601.54 100.00|
Source: MacConnell Land Us2005,Mass. GIS

Development Trends

Boston has a history of land reclamation. Accordingditgd ©pen Space Plarhe

City grew from 1,000 acres to 30,000 acres due to land reclamation and annexation. As a

result, large aas of Boston are built on fill. As discussed later, the amount of filled land
affectstheCitydb s vul nerabil ity to certain natur al h ¢

While theCity is essentially built out, there are a significant number of infill projects,
redevelopments, and major renovations occurring cityggde Figurd).Bost on 0 s
development and analysis for proposed future development is coordinated logthe B
Redeveloprant Authority. Currenty, one ofthe most active area of development in the
City is the Innovation Districin the South Boston waterfront.

Development trends throughout the metropolitan region are trackéd By C 6 s
Development Databasehich providesan inventory of new development over the last
decadeThe databas&acksboth completed developments and those currently under
construetion. The database includes 285 developments in the City of Boston since 2005,
of which 189 are completed and 96 wengler construction as of March 2015. The
geographic distribution of these projects by Boston neighborhoods is summarized in
Table6 (several adjacent neighborhoods have been combihlee)neighborhoods with

the most neweommercialdevelopments arhe Fernway/Longwood Medical Area, South
Boston/South Boston Waterfrqi@hinatown/Downtown/North End/West Enahd Back
Bay/South End.

The database also includesveral attributes of the nedevelopment, including acres,
housing units, employment, commerciphse, and hotel rooms. The 189 completed
developments include a total 9,126 housing units, 9.5 million square feet of commercial
space, and 1,458 hotel roori$ie projects currently under construction include 7,008
housing units, 8.3 million square feeta@mmercial space, and 909 hotel rooms.

Boston faces a number of challenges when addressing natural hazards. These include:

1 Boston is an older, dense city with aging infrastructure and narrow streets.

1 TheCity has a high amount of impervious surfaces.

1 Boston has a large percentage of populations that may need special assistance
during a natural disaster. Vulnerable populations may include those without cars,
those that do not speak English waibse with a disabilitythe very young, and
the elderly

T Bostonds housing is old and-daybuddmng was cons
codes.

1 Large portions of th€ity are built on fill.
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Figure 1 - New Development Projects under BRA Article 80 Review

North Allston

&%

Article 80 Projects

November 2012

Construction Complete
Under Construction
Board Approved

Under Review

F il

Source: Boston Redevelopment Authority
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Table 6 Summary of Boston Developments 2068015

HOUSING COMMERCIAL HOTEL
DEVELOPMENTS COMPLETEDZIING # PROJECT ACRES UNITS EMPLOYMEN"  (SQ FEET) ROOMS
Allston/Brighton 9 24.0 746 1003 887,496 0
Back Bay/South End 24 21.0 1531 1459 1,199,802 150
Charlestown 8 11.2 754 42 219,932 0
Chinatown/Downtown/North End/West End 36 39.0 1872 2578 1,595,142 1308
Dorchester/Mattapan 21 59.3 1092 500 344,470 0
East Boston 5 37.0 276 26 85,725 0
Fenway/Longwood Medical Area 22 33.7 517 9482 2,410,390 0
Hyde Park/Roslindale/West Roxbury 9 9.1 233 100 155,000 0
Jamaica Plain 15 13.9 349 295 167,381 0
Mission Hill/Roxbury 22 21.6 804 349 447,248 0
SouthBoston/South Boston Waterfront 18 35.1 951 1820 2,005,304 0
SUBTOTAL Contstruction Complete 189 305 9,126 17,653 9,517,890 1,458
UNDER CONSTRUCTION 2015
Allston/Brighton 7 193.9 566 0 622,000 0
Back Bay/South End 8 34.8 787 303 1,235,790 0
Charlestown 2 0.3 54 563 290,790 0
Chinatown/Downtown/North End/West End 12 10.6 1208 3510 2,690,760 500
Dorchester/Mattapan 11 55.3 820 323 593,000 0
East Boston 2 6.3 18 0 0 177
Fenway/Longwood Medical Area 10 15.7 588 696 1,052,685 96
Hyde Park/Roslindale/West Roxbury 6 4.8 210 67 24,676 0
Jamaica Plain 7 15.9 722 66 119,000 0
Mission Hil/Roxbury 18 15.2 1063.6 7 412,899 0
South Boston/South Boston Waterfront 15 30.8 971 408 1,249,593 136
SUBTOTAL Under Construction 96 383 7,008 5,943 8,291,193 909
TOTAL ALL PROJECTS 285 689 16,133 23,596 17,809,083 2,367
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t hose we

the 96 new developments currently under construction, only two are in a flood zone, one
of whichisinZomX and one in Zone

2014 UPDATE

to characterize
developments, a GIS mapping analysis was conducted whetaid the development

sites with the FEMA Flood Insurance Rate Mape Table 7) The analysis reveals that
of the196developmentsompleted since 2005, eight were in a flood zone, and six of

re in a Zone X

year 0o f | Thesd 10projects jepresent 3.5% of the 285 new developments
completed or under construction in Boston since 2B9Bn those projects that are
located withinaflood zonemu st meet t he
ZoningDistrict, which set floor elevation standards for construction in a flood hazard
district and prohibg certain activities and uséseepagel04).

any change in the ¢
(0. 2%, annual chance
AE (1% annual <c¢han
s tFodplaanOvkday of t he Ci

Table 77 New Developments in Flood Zones

Neighborhood Development # FLOOD ZONE
DEVELOPMENTS COMPLETEDZIB5
Hyde Park Hyde Park Ave PMDI Artists AE 1% Annual Chance Flood
North End Battery Wharf AE 1% Annual Chance Flood
Charlestown CNYParcel 4Harborview Point X 0.2% Annual Chance Flood
Downtown 500 Atlantic Avenue X 0.2% Annual Chance Flood
East Boston Portside Pier 1 Shipyard & Marina X 0.2% Annual Chance Flood
Hyde Park The Village At Cleary Square X 0.2% Annual Chance Flood
Hyde Park BostonRenaissance Charter Schog X 0.2% Annual Chance Flood
S. Bos. Waterfron| Channel Center: Phase |l X 0.2% Annual Chance Flood

Subtotal Zone AE 2

Subtotal Zone X 6

TOTAL ALL FLOOD ZONES 8
DEVELOPMENTS UNDER CONSTRUCTION IN
Dorchester General Academic Building No. 1 AE 1% Annual Chance Flood
Downtown Russia Wharf X 0.2% Annual Chance Flood

Subtotal Zone AE 1

Subtotal Zone X 1

TOTAL ALL FLOOD ZONES 2
ALLDEVELOPMEN28052015

Subtotal Zone AE 3

Subtotal Zone X 7

TOTAL ALL PROJECTS 10
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Al t hough the vast majority of Bostonds new d
designated flood hazard zone, some of the waterfront development is located in areas that

may be subject to future sea level rise impacts due to climate c{saegRisk

Assessrmant sectionpages 2-81). To address this concern and reduce future

vulnerabilityin 2013 the Boston Redevelopment Authority adop@oinate Change

Preparedness and Resiliency Guidelimegs the Article 80 development review process

(see Figure). The guielinesinclude a detailecchecklist will assist project proponents

in analyzing project proposals within the framework of climate change, as a step in

safeguarding the future of new buildings in Boston in the event of extreme weather

conditions(see chedist in AppendixA)..

The guidelines cover sdavel rise, higher average temperatures, more frequent and
longer extreme heat events and droughts, more severe freezing rain and heavy rainfall
events, and increased wind gusts. In addition, the guidelitiegquire analysis of
secondary weather event impacts such as interruptions to utilities, communications
systems, and transportation networks. All development projects subject to Article 80
Small and Large project review, including all Institutional Magtlan amendments will

be asked to adhere to the guidelines and complete the climate preparedness checklist,
which will be reviewed by the Boston Interagency Green Building Committee.

“
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Figure 2 - Boston Climate Change Preparedness and Resiliency Guidelines

Analyze project impacts on the surrounding environment that are attributable to forecasted
climate conditions oer the full duration of the expected life of the project. Utilizing the best
available science, identify changes in the climate and environment and how such changes|
will affect the projectds envir onme n tsaety
of the project and its inhabitants.

Climate change conditions may include, but not be limited to, séavel rise, higher
maximum and mean temperatures, more frequent and longer extreme heat events, more
frequent and longer droughts, more sever freeng rain and heavy rainfall events, and
increased wind gusts. Include analysis of secondary and cascading impacts including mor
frequent and longer interruptions of utility services including electrical, gas, and
telecommunication systems, and disruptionof transportation systems and networks.

A. Complete and submit an initial Climate Change Preparedness and Resiliency
Checklist with the Project Notification Form (PNF) filing. The Checklist

requires all projects to consider the impacts of futurelimate conditions, over the
expected life of the project, due to Extreme Heat and Weather and, for projects in or
near floodplains or areas prone to flooding, due to Rising Skavels. For any
environmental impacts due to climate change that are identifie describe planning,
design, and / or construction strategies that will be employed to avoid, eliminate or
mitigate any adverse impacts. Consideration of environmental impacts due to
climate change should not be limited to those listed on the Checklist.

B. Incorporate Climate Change Preparedness and Resiliency strategies into all relevant
components of the project such as Transportation, Infrastructure Systems,
Environmental Protection, Urban Design, Landscape, Sustainable Development,
Historic Resourcesand Tidelands.

C. Climate Change Preparedness and Resiliency Checklist and Responses will be
reviewed by the Boston Interagency Green Building Committee (IGBC). The Project
Proponent will be notified in writing of any comments by the IGBC.

D. The ProjetProponent must submit an updated and final Climate Change
Preparedness and Resiliency Checklist along with a written Response to the IGBC.
The Final Climate Change Preparedness and Resiliency Checklist and Response must
be submitted in conjunction with he submittal of the Final Design and Approval
package for review by the IGBC. No Final Design Approval/Article 80 documents shall
be authorized by the BRA until the final Climate Change Preparedness and Resiliency
Checklist and Response have been reviewdyy the IGBC for addressing Action Items

(1]

A, B, and C as set forth above.

See theClimate Change Resiliency and Preparedness Cheacldispendix A.
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II'l. PLANNING PROCESS AND PUBLIC
PARTICIPATION

The City of Bostoremployeda six step planninfameworkb a s ed on FEMAG6s haz
mitigation planningguidanceocusing on local needs and priorities but maintaining a

regional perspectiven natural hazard events. Public participation is a central component

of this process, providing critical information about the local occurrence of hazards while

also serving as a means to build a base of support for hazard mitigation actihges.

City of Bostonfacilitatedparticipation by the general public aatherstakeholders

throught he Cityds Hazard MitigattwopublicExecuti ve S
meetings hosted the Boston Conservation Commigsjoneeting with the Coordined
StatewideEmergency Preparednessmmittee({COSTEP) posting the plan to thBoston
Environment De p,andtinutations Seat tosighldoihaod ggoups. The

Main Street Business Distriahunicipalboards and commissions, the local chamber of
commerceneighboring communitiesand other local or regional entitie®re also

invited to review the plan and provide commeRegional coordination was facilitated

by the Metro Boston Regional Hazard Mitigation Planning Committee.

Within the planning framework desiced above, a number of additional activities were
introduced into the planning process for the Boston Hazard Mitigatior2BlnJpdate
to address the greater size and complexity presented by the City desire to
incorporate the potential impaaiéclimate change into the plan updafEhe most
significant aspects were the utilization of@verall project steering committee
representing all relevant City agenciesupled withfour collaborative stakeholder
working groupsn partnership with SERlyho have developed a methodology for
exploring natural hazard impacts and mitigation meagetated toclimate change.

Planning Process Summary

The sixstep plannindrameworkoutlined below is based on the guidance provided by

FEMA in the Local MultiHazard Mitigation Planning Guidance, July 1, 20@8blic

participation is a central element of this process, which attempts to focus on local

problem areas and identify neededigation measures based on where gaps occur in the

existing mitigation efforts of the municipality. fnplan updatesuch as thisthe process

described below allows staff to bring the most recent hazard information into the plan,
including new hazardoccur ence dat a, changes to a municip
measures, and progress made on actions identified in previous plans.

1. Map the Hazardsi The City reliedon data from a number of different federal, state,
and local sources in order to map tiheas with the potential to experience natural
hazards. This mapping represents a rhdtiard assessment of the municipality and is
used as a set of base maps for the remainder of the planning pfdesssmaps did
not include climate change projections.
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1. Map the
Hazards
6. Implement and
Update the Plan 2. Assess the
Risks & Potential
Public I
5. Plan Approval Iﬂﬁ Mi. 3. Review
and Adoption Existing

Mitigation
4. Develop
Mitigation Strategies

. Assess the Riskand Potential Damaged Critical facilities, infrastructure,

vulnerable populationgnd other featuresre mapped ancbmparedvith the hazard

data from the first stefp identify thosehat mightbe particulaty vulnerableto these
hazardsLand use data and development trends are also incorporated into this analysis
In addition,the City developedestimates of the potential impacts of certain hazard
events on theommunity.

. Review Existing Mitigation i Bostonhasan activehistoryin hazard mitigatiorand
hasadopted flood plain zoning districts, wetlands protection programs, and other
measures as well as enforcing the SBatiéding Code which has provisions related to
hazard resistant building requirements. All currenhitipal mitigation measures
weredocumented.

. Develop Mitigation Strategiesi The City of Bostorworkedwith the municipal staff
to identify new mitigation measures, utilizing information gathered from the hazard
identification, vulnerability assessmerasd theC i t exiéting mitigation efforts to
determine wheradditional work is necessary to reduce the potential damages from
hazard events. Additional information on the development of hazard mitigation
strategies can be found in Chapter VII.

. Plan Approval and Adoption i Once a final draft of the plan is complete it is sent to
MEMA for the state level review and, following that, to FEMA for appro@aice
FEMA approveshe planFEMA issues a conditional approya@ndingadoption of the
plan by theBogon City Council More information on plan adoption can be found in
Chapter IX and dcumentation of plan adoption can be found in Appefix
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6. Implement and Update the Plani Implementation is the final and most important
part of any planning process. sadmitigation plananust also be updated on a five
year basis making preparation for the next plan update an importgoiranactivity.
ChapteVIl includes more detailed information on plan implementation.

B o s t PantiGipation in the Regional Committee

TheMetro Boston Hazard Mitigation Planning Commitssevel as an opportunity for

neighboring communities to discuss hazard mitigation issues of shared cdineern.

committee includes representatives of BosBnookline, CambridgeChelsea, Everett,

Malden, Medford, and Somervill&he City of Bregdadaive®thappoi nt ec
regional committee waslaineM. SudanowicZiromtheMay or 6 s Of fi ce of Eme
ManagementThe committee met orApril 13, 2010 andvas attended brepresentatives

from Boston and althe neighboring cities and towns

In addition, as the MAPC stafforkedo n e ac h ¢ o mmegionalissyeéf pl an,
shared concern, and other issues that may arise between neighboring commuangies,
discussed in greater detailéach of thdocal committee meetings and resulting actions

are reflected in the identified mitigation measures, as noted in Chépter

The Boston Hazard Mitigation Executive Steering Committee

TheBoston Hazard/itigation Executive Steering Committ@eascentral to the planning
process as iwasthe primary body tasked wittoordinating multiple City agencies and
developing a mitigation strategy for t@éty. Given this role, it is important that this
committee mcluded a diverse representation of knowledgeable municipal stéifé
Executive $eeringCommittee membership can be foundreble8 below.

The Executive $eeringCommitteeprovided overall direction anaversight of the
planning processvhile smallerworking groups providginformation on the impacts of
hazards on th€ity, existing mitigation measures, and heglpo developproposed
mitigation measures.

The steering committee met on February 8, 2012Ssapdember 62012. The original

co-chairs br the first meetingn February8, 2012were James Hunklay or 6 s Of fi ce o
Environmenal and Energy Services, and Don McGough, May@ffice of Emergency

Management. During theurse of the plan review, they both left their positions with the

City of Boston, and were replaced with the currenthairs, Brian SwettMay or 6 s

Office of Environmenal and Energy Services and Rene Fielding, Mé&y@ffice of

Emergency Management.

21



CITY OF BOSTON NATURAL HAZARD MITIGATION PLAN
2014 UPDATE

Table 8
Boston Hazard Mitigation Executive Steering Committee
Name Repesenting
Brian Swett CeChair al & 2 NR& EhvifoRmeQidhndErfergy Services
Rene FieldingCeChair ale@2NRa hFFAOS 2F 9YSNHS
Para Jayasinghe Public Works Department
Paul Shoemaker Boston Public Health Commission
Carl Spector Environment Department
John Sullivan Boston Wateiand Sewer Commission
Aldo Ghirin Boston Parkand Recreation
Chris Busch Boston Redevelopment Authority
John Hanlon Office of Budget Management, Capital Planning
Staff Support
ElaineM. Sudanowicz al@2NnRa hTFAOS 2F 9YSNHS
James Freas MAPC
Martin Pillsbury MAPC

Collaborative Working Meetings with the Social and Environmental Research
Institute

The City of Bostoninvited the Social and Environmental Research Instit8&€R]) to
assist in the developmentthie Boston Hazard Mitigation pldrecause otheir
experience with bringing the potential consequences of climate chamgéunal hazards
explicitly into the planning process.

SERI began the process with a meetingtmmmwater issueat the Boston Water and
Sewer Commission on Jaary 30, 2012 The City thenheldfour collaborative working
meetingfrom March through May 2012 that brought toget@iy staff, stateagency
staff, and other skeholdergo identify haards and vulneralities, consider the potential
impacts of climate changand discuss the hazlmitigation strategyEach group
focusedon a differentareaas follows:

1 Infrastructure i roads, transit, watemdsewer, parksairport, dam, utilities,
groundwater NGO

9 Buildings and Facilitiesi publicly owned buildingslibraries, universities
historic and cultural institutions

1 Regulationsi zoning and other ordinances or regulatiswial services,
insurance, landmarks

1 Public Safetyi police, fire, emergency managemgmiblic health, emergency
medical services, public housing, environmental protection

SERI 6s appr ovalretability-KaonseguanceaAslaptation Planning Scenarios
(VCAPS), is based on bbgic model framework, in which each hazard is discussed
through a sequence of primary and secondary impacts that lead to particular
consequences of conceri:he results of the VCAP®&orking groupsessionsre
summarizedn AppendixB.
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Attendance at thevorking meetings included representatives of key City, State, and
regional agencie® complete list of participants of all fomwrorking meetings is provided
in AppendixE.

Participation with COSTEP MA

COSTEP MA (Coordinated Statewide Emergency Prepasslin Massachusetts) is a
collaborative of representatives of cultural and historical institutions and agencies as well
as first responder and emergency management professionals from federal, state, and
municipal governments. The purpose of COSTEP Mi& te develop hazard mitigation
strategies for cultural sites, museums, and libraries statewiitheconsiderable potential
benefit for the many such institutions in BostBarticipating institutions in Boston

include the Museum of Fine Arts, the Bostonian Society (the Old State House), Historic
New England (the Otis House), the Massachusetts Historic Society, and UMASS Boston.
The Cityof Bostonis an atlarge member on thiexecutive Board of COSTEP.

Public Meetings

The public had an opportunity pvovide input to th&ostonhazard mitigatiomplanning

processattwo public meetings hosted by tlety of Boston one early in the planning

process, and one after a draft pleass available for review. The firgtiblic meetingwas
held onApril 18, 2012, and the second was held 8eptember 1,8013; both meetings
wereheld in theBoston CityHall.

Both meeting werepublicized agegular meetingof theBoston Conservation
Commissionin accordance with the Massachusetts Open Meeting L@aaddition, both
meetings were extensively advertised through the City webshee Mayor 6 s Of f i ce
Neighborhood Services (ON8mail lists reaching a wide range of residents and other
stakeholders, notification to City Main Street Progragighborhood manizations, and
direct invitations to specific stakeholder groups. A number of neighborhood
organizations posted the meeting natioe their websites as a result of receiving one or
more of these notificationsAdditionally, the City produced and circulated a flyer
advertising both of the public meeting$e City of Boston encouraged citizen
participation through email and followed up on ingggr The attendance list f@ach
meetirg can bdound inAppendixF.

Notice was sent taumerousagencie®rganizationginviting them to reviewand submit
comments orthis BostonHazard Mitigation Pla2014 Update Many of these
organizations were also invited to participate in the collaborative working group
meetings.A list of the invitees is provided in Appédm F. The following neighboring
municipalities were also notified of the draft plan updateiavited to comment on it:
Quincy, Milton, Canton, Dedham, Needham, Brookline, Newton, Watertown,
Cambridge, Somerville, Everett, Chelsea, Revere, and Winthrop.
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A City website with a description of the planning process and information on hazard
mitigation, copie®f reportson hazard in the City, aschedule of public meetingand,
when available, draft copies of the plan was maintained throughout the planning process.

Any comments received were reviewed and incorporated by the local hazard mitigation
team. Reisions to the draft plan included the addition of recommendations for-multi
language public education, updating several city projects, and revising the priorities for
mitigation for invasive insects, trees, and green infrastructure

Planning Timeline

April 13,2011 Meeting of theMetro BostorRegional Committee

March 9, 2011 Hazard MitigatiorKickoff Meeting with MEMA andBoston
April 20, 2011 Hazard Mitigation & RiskMAP Collaboration Meeting
June 23, 2011 US Army Corp of Engineers and FEMA on Bastdurricane

Evacuation Study
November 18, 2011 Meeting with COSTEPNorth Andover

Januar$0, 2012 Meeting with Boston Water and Sewer Commission and SE
Februaryg, 2012 Boston Hazard Mitigation Executive Steering Committee
March 28, 2012 InfrastructureStakeholders meeting with SERI

April 4, 2012 RegulationsStakeholders meeting with SERI

April 25, 2012 Buildings and FacilitieStakeholders meeting with SERI
April 18, 2012 First Public Meetingvith Boston Conservation Commission
May 10, 2012 Public SafetyStakeholders meeting with SERI

July 18, 2012 Meeting with Boston and DCR

July 20, 2012 Meeting with Boston and MassDOT

Septembe6, 2012 | Boston Hazard Mitigation Executive Steering Committee
January 16, 2013 | Meeting of the locaHazard Mitigation staff team

January 31, 2013 | Meeting with COSTEPBoston

September 18, 2014 Second Public Meeting witBoston Conservation Commissic
October 18, 2013 | Close of Comment Period; draft revisions and final city revi
December &, 2013 | Draft PlanUpdatesubmitted to MEMA

January 28, 2014 | Plan Review Tool received from MEMA

March24, 2014 Revised Draft Plan Update submitted to MEMA
September 11, 2014 Plan Review Tool received from FEMA

November 18, 2014| Revisions to Plan Review ToReceived from MEMA

April 15, 2015 Revised Draft Plan Update submitted to MEMA

August 3, 2015 FEMA issued Approval Pending Adoption

September 16, 201Y Final Plan Adopted by Boston City Council
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V. RISK ASSESSMENT

The risk assessment analyzes the potential natural hazards that could occuBagithim

as well as the relationship between those hazards and land uses and critical infrastructure.
This section also includes a vulnerability assessment that estimapete¢hgal damages

that could result from certain largeale natural hazard events.

In addition toa review ofhistoric trends for natural hazard events as an indicator of
Bostondés vulnerability, the potential future
incorporated into this plan. Tli&ty of Boston has embarked on a significant initiative to

address climate changatigation and adaptation, as documented i2@%1 climate

action planA Climate of Progress

Overview of Hazards and Impacts

According to he Massachsgetts Hazard Mitigation Plan 201Btate plan)Massachusetts
is subject to the following naturabbards (listed in order of frequencfloods, heavy
rai nst or msorwintewostoringcaastal erosion, hurricanes, tornados, wildfires,
and earthquakeStateand federal disaster declarations are summarized ile Zab

Table9 summarizes theurenthazard risks foBoston This evaluation takes into
account thénistoricfrequency of the hazasgit does not consider the effect of future

Table 9 - Hazard Risks Summary
HazardType Probability Consequence | Hazard Rating
Floodng
Inland/Riverine Possible Critical High (8)
Coastal Stormistorm Surge) Unlikely Critical Medium (7)
Urban Flooding Likely Limited Medium (7)
Dam Failure Unlikely Limited Low (3)
Wind
Hurricanes Possible Critical High (8)
Tornados Possible Critical High (8)
b 2NRSH &aidSNa Highly Likely | Limited Medium (6)
-Thunderstorms Highly Likely | Limited Medium (6)
Winter Storms
Severe Winter Storm Likely Limited Medium (7)
Geologic
Earthquakes Unlikely Catastrophic | High (9)
Landslids Possible Minor Low(3)
Tsunami Unlikely Critical Medium (4)
Other Natural Hazards
Fire/ Conflagration Possible Critical High (8)
Extreme Temperatures | Highly Likely | Minor Medium (6)

SourceMassabusetts Hazard MitigatioRlan 201Q adapted for Boston
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climate change.The rating for each hazard type is based on two factors: the probability
of occurrence and the relative severity of consequences should it d¢asianalysis is
drawn from théhazard ratindound in theCity of Boston Hazard Identification and Risk
Assessment (HIRA). The rating definitions are summarizédbie 10.

Table 10 - Hazard Rating Assessment used in the Boston HIRA Report

Probability (Weight x¥) \ Average Frequency*
Ratings Definitions

Highly Likely (4] Event expected to occur at least | On average, this event occurs once a
once within the next year. year or more frequently.

Likely (3) Event expected to occur at least | On average, this event occurs at least
once within the next 13 years. once every 3 years, but less often than

once a year.
Possible (2) Event expected to occur at least | On average, this event occurs at least

once within the next 3L0 years. | once every 10 years, but less often tha
once every 3 years.

Unlikely (1) Event epected to occur at least | On average, this event occurs at least
once within the next 14100 years.| once every 100 years, but less often
than once every 10 years.

Consequence (Weight x2)

Ratings Definitions

Catastrophic (4) Mass fatalities OR basic |gervices disrupted for up to 30 days OR mq
than 50% of property severely damaged.

Critical (3) Multiple fatalities and severe injuries OR basic life services disrupted
up to 2 weeks OR more than 25% of property severely damaged.

Limited (2) Someinjuries OR basic life services disrupted for up to one week OR
more than 10% of property severely damaged.

Minor (1) Minor injuries OR basic life services disrupted for 72 hours or less O

than 10% of property severely damaged.

*The probabilitiesandaverages used in this table are not always based on extensive data, but in some cases reflect the
collective judgment of emergency respondedsurce: Boston HIRA

Impacts of Climate Change

Many of the natural hazards that Boston has historically espeed are likely to be
exacerbated by climate change in future years. This is particularly true for flooding
caused by extreme precipitation, coastal flooding and damage due to sea level rise, and
extreme heafThese are described in more detail below.

Climate Change Impacts: Extreme Precipitation

Bostondbs average annual precipitation 1is
not changed significantly, according tee2012 reportVhen It Rains It Pours Global
Warming and the Increase Extreme Precipitation from 1948 to 20ititense rainstorms

and snowstorms have become more frequent and more severe over the last halincentury
the northeastern United Statdsxtreme downpours are now happening 30 percent more
often nationwide than it948(see Figure3). In other words, large rain or sn@orms
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that happened once every 12 months, on average, in the middle of the 20th cemtury
happen every nine months.

Figure 3 - Change in Frequency ofExtreme Downpours 1948 2011
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SourceWhen It Rains It Pours Global Warming and the Increase in Extreme
Precipitation,Environment America Research and Policy Center, July 2012

Not only are these intense storm events more frequent, they are also more severe: the
largest annual storms ngwoduce 10 percent more precipitation, on average, than in
1948. In particular the report finds thatlew England has experienced the greatest
change with intense rain and snow storms odogr85 percent more often than in 1948

At the other extremeghanges in precipitation patterns and the projected future rising
temperaturedue to climate change (discussed belaill) likely increase the frequency
of shortterm (one to threemonth) droughts and decrease stream filowng the
summer

Climate changémpacts: Sedevel rise and storm surges

A higher sea level increases the frequency and extent of coastal flooding. In the past 100
years, the relative change in sea level in Boston Harbor has been a rise of about one foot
(Figured). The change is relat, because it consists of two components: a rise in the
absolute sea level and a sinking of the land. In the past 100 years, these two factors have
been roughly equal, and, for the most part, representtyngprocesses that have been
underway since #hend of the last Ice Age, approximately 14,000 yagos
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Figure 4 - Boston Sea Level Trends, 1922011
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Source: National Oceanic and Atmospheric Administration (NOAA)

Climate change is accelerating the rate of global (absoluté¢eelaise (SLR)primarily

by warming the oceans, causing the water already in them to expand, and by warming the
land and air, causing ice on land (glaciers, ice sheets) to melt and flow into the ocean. A
recent report as part of the U.S. National Climate Assessmer#t stateh at vetyher e i s i
high confidence (>9 in 10 chandépnt global mean sea level will rise at leastrgters

(8 inches) and no more than 2.0 metérs feet) by 210@see Table 11)'drhe low end

of this range represents a continuation of the cutrend, which has a relatively small
contribution from melting ice. The higher end includes greater contributions from melting
ice, forwhich there is an increasing amount of data, though still not enough to resolve
some uncertainties. The report preséois scenarios of sdavel rise that could be used
depending on the time frame of projects and the level of risk that communities are willing
to accept. Whatever the actual amount oflsgal rise by the end of the century, the

oceans will likely contina to rise after that.

Table 11- Global SealLevel Rise Scenarios

Scenario SLR by 2100 (m)* | SLR by 2100 (ft)*
Highest 2.0 6.6
IntermediateHigh 1.2 3.9
Intermediate_ow 0.5 1.6
Lowest 0.2 0.7

* Using mean sea level in 1992 as a starting point.

In addition to the rise of the global average, changes to the distribution of water around

the globe will vary the amount of absolute-teeel rise that different localities

experience. Changes in the temperature and salinity of water will affect oceams;urre

and the melting of ice wild.l alter the Earthd©d
could cause Boston (and the Northeast coast overall) to séevekdse that, in the

higher scenarios, is more than a foot greater than the global aveaakyecvidence of

the predicted oceacurrent effect was published in June 2612.

1Parris, Adam, et alGlobal Sea Level Rise Scenarios for the United Stddgisnal Climate AssessmeMNOAA

Technical Report OAR CPQ, National Oceanic and Atmospheric Administratibecember 2012.

2 ibid.

3 Sallenger Jr, A, K. Doran P. Howd AfHot spot o-level sise onetHéet rl aatnetd cs ecao a s t of Nort h /
Nature Climate Change (2012) 2, 8888, doi:10.1038/nclimate159724, June 2012. See also, Parris et al., supra., for a

summary of all contributing factors.
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Figure 5 - Projected Flooding of Boston Harbor and vicinity
with water at 7.5 feet above mean higher high watér

Source: Chris Watson and Ellen Douglas, U. Mass BoatwhPaul Kirshen, Battelle Laboratories

4 Chris Watson, Ellen Douglas, and Paul Kirshen, The Boston HAg=arciation http://tbha.org/bosteharborsealevetrisemaps
2010.
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